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at IBM1v 2250 Display Units. The termiinal phase is simulated by a single op-
erator who controls a remotely located terrain table using a joy stick and TV
receiver'. Control of the terrain table is maintained by the program through
an 113M 1827 Data Control Unit.

The II .1-AUTO Simulation Program contains all of the features available
inthe original 111W Simulation P'rogr~ami prcviously developed by IBM Person-

necl under thjis sarne contract. In adldition, the RPV-AUTO Program contains .n
automiatic flight plan modification ("A uto- Patch") capability and a position re-
pot't (Pit) sm~oothing capability to aid the enroute operators in performing
their task.

Trhe 1tP-AUJ'U Simulation Prog~ram waIs written for an IBM System/360,
Model 40 comiputer. B~oth assembler lan'guage and 1-'of4THAN IV were used

e4It util ized for the graphics software support.
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PREFACE

"This program was dcvelopud for th. l luti•an Engineering
Division, Aerospace Medical Resenarch Laboratory, Wright-
Patterson Air Force Base, Ohio 45433. The work was per-
formed by International Business Machines Corporation,
Gaithersbtirg, Maryland 20760, under Contract Number F 33
(615)-72-C_'-1378. Billy M. Crawford of the Systems Rescarch
Branch was the contract monitor for the Aerospace Medical
Ru'search Laboratory. The work was performed in support of
Project 7184, "lluman Engineering for Air Force Systems",
Task 71U409, "Man-Machine Systems Effectiveness".
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SECTION I

INTRODUCTION

This document, along with the program listings and
card decks discussed herein, represents the total program
documontation package for the RPV-AUTO Simulation Pro-
gram. No attempt is made to include a total description of

the RPV-AUTO Simulation. It is recommended that the user
of this program familiarize himself with the total concept
of the RPV-AUTO Simulation by reading the document,
"Remotely Piloted Vehicle Simulation Program Instruction
Manual", available through the Human Engineering Division,
Aerospace Medical Research Laboratory, Wright- Patterson
Air Force Base, Ohio.

The RPV-AUTO Simulation Program is a real-time
interactive, graphics simulation of a hypothetical drone con-
trol facility (DCF). ItRe primary function is to provide a
means for analyzing the effects of numerous variables on the
operator perform.-r.ce of a five-mau team whose task is to
control up to 35 Remotely Piloted Vehicles (RPVs) through
three phases of a simulated strike mission. This program
contains all of the features available in the original RPV
Simulation Program developed under this same contract.
(Refer to HESS Report 74-2). In addition; fTe•r'V-AJUTO
Simulation Program contains two new features, automatic

* I patching ("Auto-Patch") of RPV flight plans and a position
report (PR) smoothing function.

The enroute and return phases are performed by
four enroute/return (ER) operators, or controllers, seated
at IBM 2250 Display Units. Using a set of flight control
commands, these four operators "fly" the RPVs along a
preplanned flight profile to the isneral target area. Con-
trol is then transferred to a terminal operator who "flies"
the RPV on into the target destination. The ER operator
then regains control and performs the return phase.

Section II of this document contains a list of the hard-
ware components used by the program. A brief summary of
the HPV-AUTO Simulation is presented in Section III and

| 1
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the program description is presented in Section IV. Section
V contains the data set formats, Section VI describes the
program card decks, and Section VII contains the program
flowcharts. Operator instructions for the computer operator
and the experimenter are presented in Appendices I and I1,
respectively.
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SECTION II

MACHINE DEFINITION

The RPV-AUTO Simulation Program was written

for an IBM System/3@0 Computer operating under Operating
System/360 (PCP). The hardware components ueed by this
program are listed below:

o IBM System/360 Computer. Model 40

o Problem Program Core Requirement - 201K

o Memorex 3660 Disc Storage System - Three
Storage Drives

o Four IBM 2250-3 Display Untits (interfaced through

a 2840-2 Display Control)

o IBM 1403 Printer

o IBM 2501 Card Reader

o IBM 1052 Printer- Keyborad

o IBM 1827 Data Control Unit (with digital and
analog input/output features)

There are five terminal operator control panels used

for the terminal phase of the simulation. Figure 1 illustrates
the layout of these panels. The terrain table hardware operates
independent of the CPU and is therefore not defined in this doc-

3ument.
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SECTION III

RPV-AUTO SIMULATION DESCRIPTION

This brief description of the simulation is presented
here only to give the reader a better understanding of the
overall program logic used in the RPV-AUTO Simulation
Program. It does not represent a complete description of
the simulation.

The object of the simulation is to "fly" up to 35 RPVs
on the enroute, terminal, and return phases of a simulated
strike mission and safely recover all the RPVs. Numerous
variables, such as RPV characteristics, data link stability,
navigation system errors, etc., are introduced into each
mission to provide a varying degree of difficulty in perform-
ing the task.

Each team is made up of five subjects, four enroute/
return (ER) operators, or controllers, and one terminal
operator. Thc ER contiollers are seated at IBM 2250 Display
Units. Using a set of flight control commands, they can mod-
ify the preplanned flight plans (profiles) stored in the oaboard I
computer of each RPV. These commands include the capability
to patch the flight plan and to change the command velocity,
the command altitude, and the navigation system being used.
Commands are also available to cause the RPV to be destructed
or dropped safely to earth with p-rachutes. This type of navi-
gation, namely, flying according to the commands in the on-
board computer, is referred to as flight plan follow (FPF)
mode.

1 4

To assist the enroute operator in performing his task,
the simulated DCF computer is equipped with an Auto-Patch
capability which performs automatic patching of the flight

plans when a specific set of conditions are met. A position
report smoothing algorithm is a)so included to reduce the
amount of simulated PR error generated for an RPV flying
a relatively straight line path.

Figure 2 illustrates the basic display format presented
to the ER controllers. The geographic area covered by the
simulation is presented in the situation information display :

5l
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FIGURE 2. DISPLAY FORMAT
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(SID) section of the screen. This display may optionally con-
tain geographic reference markers, boundary lines, target
symbols, and way point symbols. The track signatures which
represent the RPV positions, and the flight plans (FPS) are
category selectable and are superimposed on the geographic
display. Ten FPs and/or ten track signatures can be selected
at any one time. All of the information presented in the geo-
graphic display can be defined by the experimenter in the in-
put data set. An example of an SID, with appropriate termi-

nology, is presented in Figure 3.

The "RPV Menu" block contains one line of information
for each RPV that is fi.vilig. This line contains the expected
time of arrival (ETA) to the next major way point, the com-
mand link status (up or down), a suffix which identifies the
next major way point, an alarm indicator, a flight control
mode status indicator, and an Auto-Patch inhibit code. The
menu is updated each frame to reflect the most recent infor-
mation available.

The "Status Block" is used to present additional
information about a specific RPV such as command altitude,
command velocity, current navigation system, etc. "Mes-
sage Block 2" is used to present outstanding command infor-
mation; that is, to indicate those commands which have been
transmitted, but not yet received by the HPV. "Message
Block 1" is used to communicate with the ER operator.

As the RPVs reach the general target vicinity, con-
trol is turned over (hand over) to a terminal operator who
"flys" the RPV to the target. A TV receiver is connected
to a camera system on a remote terrain table model of a
simulated bombing site. The terminal operator can control
the RPV through joy stick and throttle controls while watching
the TV monitor showing the area beneath the RPV. This con-
trol mode is referred 1o as continuous control (CC) mode.
After the target is sited and the appropriate action is taken,
control is returned (hand back) to the ER controller who then
performs the return phase of the mission.

Since one terminal operator cannot handle all 35
RPVs during a mission, a pseudo-terminal phase capability

7 I1
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was added to the system. The enroute and return phases
are carried out exactly as in the normal mode; however,
the terminal phase consists only of the hand over switch
action sequence on the selectable terminal control panels.
No TV pictures are used. The flight advancement of the

NPV is mathematically controlled by the program and
needs no operator intervention. This is referred to as
pseudo-continuous control (PCC) mode.
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II
pt

It
II

I
9 1



SECTION IV

PROGRAM DESCRIPTION

The RPV-AUTO Simulation Program consists of
forty-eight user written subroutines and utilizes the macro
and I/O facilities of the IBM 2250 Graphics Programming
Services (GPS) for the 2250 software support. Forty-one
of the subroutines are written in assembler lenguage and
the other seven are written in Fortran IV.

Table 1 lists the names of all the subroutines, the
functions each performs, and the names of the subroutines
which call them. Note that those subroutines listed with
suffixes 1-4 (e.g. RPVA1J. RPVA2, RPVA3, RPVA4) are
duplications of the same subroutine except for the sub-
routine name and the names of the subroutines each calls.
These subroutines are dedicated to scopes 1, 2, 3, and 4,

respectively.

A description of the GPS facilities can be found in
the manual, "IBM System/360 Operating System, Graphic
Programming Services for IBM 2250 Display Unit" (File
No. S360-30, Form GC27-6909).

In general, the program operates on a cyclic basis,
updating the displays once per frame. The frame time is
variable (currently 5 seconds) and is controlled by the CPU
timer interrupt facility. Each time the timer interrupt
occurs, an updated display is written to the scopes and a
new display is generated for the next update. Once the new
display is generated, the display generator enters a "wait"
state until the timer interrupt occurs. The cycle is then
repeated. Throughout this cycle, including the waiting
period, attention interrupts from the four scopes are pro-
ceased as they occur.

The program is contained in three parts: 1) the
initialization processor, 2) the background processor, and I
3) the four attention interrupt processors. The initialization
processor performs all the initialization procedures at pro-
gram start-up tinie, including generation of the initial dis-
plays. After they are written to the display units, the pro-

10
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gram enters a wait state until the signal is given, via a
p-ogrammed function keyboard (PFIK) key, to begin the
siryulation. Control is then given to the background pro-
cessor.

The main function of the background processor is to
generate the SID for each frame. This prooess includes the
mathematical update of the RPV positions, generation of
automatic patches when applicable, and the generation of
the total geographic display. In addition, various flight
control commands may have been queued up during the
past frame. If the proper conditions are met, these com-
mands are "transmitted" to the RPVs at this time. After
these functions are performed, the background processor
enters a wait state until triggered again by the timer inter-
rupt.

The attention interrupt processors (one for each
scope) process the attention requests from the EP control-
lers. They are processed as they occur with processing
priority going to the most recent interrupt. The response
to the request varies from the generation of a simple in-
struction to the queuing of a flight control command for sub-
sequent transmission by the background processor. After
the response is made, control is returned to the background
processor or to one of the other attention processors, which-
ever is applicable.

Most of the data communications among the various
subroutines are maintained through the COMMON CSECT.
This buffer contains the four communication areas (COMA REAS)
associated with the Graphic Attention Control Blocks (GACBs)
for the four scopes. A DSECT (COMA) is used for address-
ability within each of these areas.

The four graphic data output areas (GDOAs) are also
maintained in core storage throughout the simulation. The
"next" situation display is generated in the GDOAs and held
there until the tinier interrupt occurs at which time the
GDOAs are written to the graphic buffers. The GDOAs are
structured as shown in Figure 4. The various GOP com-
ponents are generated directly in the GDOA segment assigned
to that specific component.

Th- following paragraphs discuss several of the

16
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techniques used in the program which might not be imme-
diately obvious to the user.

A large segment of the initialization subroutine,
RPVMAIN, is overlayed by the attention routine work areas.
This does not interfere witih normal program execution be-
cause the section overlayed is only used at program start-
up time. At program termination time, control is returned
to the section beyond the work areas for file closing and the
return to OS/360.

A "dummy" cursor is inserted into the GDOA when-
ever a real cursor is not needed for entcring data. This is
done to prevent the subjects from accidentally locking the
keyboards. Null characters are placed in the cursor lo-
cation so that it is not visible on !he display screen. This
process is handled in the subroutine, RPVWRIT.

Output data records are queued by the attention
interrupt processors to avoid interference between the
attention routines and the background processor attempting
to record data -imultaneously. The queued records are
written once each frame in the background processor sub-
routine, RPVCYCLE.

The timer interrupt routine is also located in the
subroutine, RPVCYCLE. Its only function is to post com-
pletion for the background processor.

The RPVUP subroutine performs the mathematical
updating of the four RPV positions maintained for eac'h RPV.
Two of these are kept internally for subsequent scoring pur-
poses and the other two are displayed on the screen. The
flight plan position extrapolated (FPPE) is the location on
the flight plan where one would expect the IPV to be if there
were no navigational errors or position reporting system
errors in the system. This location is displayed on the
flight plan along with the RPV ID number. It may be lo-
cated on the original flight plan or on a patch leg if a head-
ing change is made.

The "TRUE" RPV position is known only to the pro-
gram and reflects the true positi,)n of the IPV. Its lucation

18



is obtained by adding navigation system errors in ground
course and ground speed to the difference in the old and
new FPPE positions, then adding this to the previous TRUE

position. A new set of navigation system errors are ob-

tained each time the RPV passes a roll-out way point.

The position reporting (PR) system position is rep-
resented on the display screen by the base of the velocity

vector of each RPV. It is obtained by adding azimuth and
range errors from the simulated PR system to the TRUE

position of the IRPV.

If the PI smoothing feature is used, the amount of

PR error i s reduced when the i3PV flys down a straight
line path. A special counter is used for this purpose. It

is incremented once each frame and reset to zero each
time the RPV passes a roll-out point during a turn maneuver.
The square root of this counter is used as a reduction factor

to limit the size of the standard deviation used when computing
the azimuth and range errors.

The fourth position is called the virtual flight plan
pcsition extrapolated (VFPPE) and represents the lc,'ation

where the RPV would be located on the original fligf plan
based on its current expected time of arrival (ETA). This

position is not displayed, but is used at data reduction time
to determine how far the RPV had flown off course.

The manner in which these four positions are cal-
culated varies somewhat depending on the current control

mode of the RPV, name;x, FPF, CC, or PCC. The dif-

ferent teczhniques used can be followed in the program

listing of RPVUP.

In the subroutines, RPVUP and RPVERR, a selection
technique is used for determining the type of distribution to

be used in obtaining PR system and navigational system

errors, respectively. This technique permits the user to
specify a distribution code on the input data set for each

system. Currently, only the Gaussian distribution is used,

but others could be added in the future.

19
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Two techaiques are available for controlling the up
or down status of the command, PR, and TV data links. Both
techmques are performed by the RPVRFO subroutine. In
the first technique, a mean-time between outage (MTBO)
function is used to statistically control all three links, inde-
pendent of each other. The MTBO values may be changed
at input time to satisfy the neeas o0 the ust-r.

In the second technique, the command and PR data
links are controlled through the use of a jamming model.
A line of jammers is defined at a specified y-coordinate in
front of and aimed at the target area. The distance between
jammers and the effective beam width of the RPV antennas
are also specified. Jamming triangles are thus formed with
the jammers located at the apex of each triangle and the base
defined by the antenna beam width. The jamming area is
further devided into 25 equal segments in the y-direction in
which the user may specify the probability of jamming for
each segment. Whenever an HPV is inside one of the jam-
ruing triangles, a random number is generated and compared
to th. probab.lity ufjannmming ftigure for the segment in which

it is located. If the number is less than the probability value,
the command and PR data links are set down for that frame.

When using the jamming model, the TV link is always
in the up status. However, an external noise generator is
used to cause varying degrees of picture distortion.

Using the program flowcharts and program listings,
the user should be able to follow the rest of the logic used
througghout the program. It is again recommenaed that the
instruction manual noted in Section I be read for a thorough
understanding of the simulation.

20



SECTION V

INPUT/OUTPUT FORMATS

There are three input data sets and one output data
set in addition to the graphics and 1827 DCU data sets.
Input File I contains the total definition of the simulation
in terms of Auto-Patch controls, geographic reference data,
flight plan data, target data, RPV characteristics, data link
outage frequencies, probabilities of success as a function of
lateral. deviation, lateral deviation thresholds for alarms,
fuel consumption rates, and an optional jamming model.

Figure .5 illustrates the file format for Input File
1. It is referenced by the program via the "FTO9FOOl"
DD card. Note that S.ie Fortran format that is used in
reading each variable is listed. The user is cautioned to
adhere to the specified format, left-justifying A-Format
data and right-justifying I-Format data. This file should
be stored on disk and i c generated by the RPVPA'li' Pro-
gram available at the HESS facility.

The second input file contains malfunction data.
It is generated between simulation runs by the RPVMAIF
Program available at the HESS facility. The format used
is illustrated in Figure 6 and a list of the malfunction types
is presented in Table 2. Program reference is made through
DD card, "FT08F001".

The format for Input File 3 is illustrated in Figure
7. This file contains the transformation coefficients for
the terrain table and is generated by the terrain table
CALIBRATE Program available at the HESS facility. The
data is referenced by DD card, "FT05F01". This data
set is replaced whenever a new calibration run is made.

The Output Recording file format is illustrated in
Figure 8. This file is referenced it. the execution deck by
DD card, "OUT". The formats for the various records are
listed by record numbers and/or record types. The type
field is a code which can be used for identifying the records
at data reduction time. The list of type codes is presented
in Table 3. The fields li&ted as "Unused" were inserted

21



into the records to maintain uniformity in record positions
of the various fields. The 'Type Constant" column may
be used, where applicable, for setting up alignments in
a F'ortran analysis program.

Error codes and messages awt lis1td in Table 4.
The 1827 DCU5 addresaing schemes are presented in Tables
5-8.
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Type Code*

Pitch P

Roll R

Altitude A

Generator G

Th rust T

Attrition K

Navigation System #1 Hi

Navigation Sxstem #2 H2

Navigtiorn S tsem #3 H3

PR System PE

On-board Computer C

TV Link LT

Command Link LC

PH Link LP

*This code is placed in positions 14-15 of the

"AL" malfunction records defined in Figure 6.

TABLE 2. M1ALFUNCTION TYPES
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Type Subroutine(s)
Code Contents or Meaning Where Generated

___ 7!ý
0 Experiment identification number RPVMAIN
1 J�PV status information f RPVCYCLE
T Heading patch requested by enroute operator RPVA1-4, RPVAPI

or Auto-Patch
"3 Altitude change requested by enroute operator RPVAI-4
4 Velocity change requested by enroute operator IRPVA1-4
"5 Navigation system change requested by enroute IRPVA 1-4

operator
6 Destruct command requested by enroute operator RPVAI-4
7 Deploy chutes requested by enroute operator R-PVAI-4
8 Drop track signatu :e requested by enroute RPVA1-4

operator
9 Enter pending mode requested by enroute j RPVA1-4

operator
10 Pending mode request accepted by terminal R PVTRF

operator
11 Malfunction occurred I PVMALF
12 Trv:ggcr closed at TRF control station RPVTRF
13 Attrition caused crash of RPV IPVMALF
14, Heading patch command transmitted RPVXMIT

15 Altitude conmrnand transmitted RPVXMIT
16 Velocity command transmitted RPVXMIT
17 Navigation system change command transmitted RPVXMIT
18 Destruct command transmitted RPVXMIT
19 Deploy chutes command transmitted RPVXMIT
20 Heading patch rejected RPVXMIT
21 Heading patch command cancelled by enroute RPVA1-4

operator
22 Altitude change command cancelled by enroute RPVA1-4

_ operator I
23 VElocity change command cancelled by enroute HPVA1-4

operator _

TABLE 2. OUTPUT RECORD TYPES
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r

r Type 1- Subroutine(sT)
Code ......... _ Contents or Meaning _ Where Gencrated

24 Nay. system change command cancelled by RPVA1-4
enroute operator

25 Destruct command cancelled by enroute RPVA1-4
operator ........ .

26 Deploy chutes command cancelled by enroute RPVA1-4

operator

27 Pending handover mode cancelled by enrotte RPVA1-4
operator

28 Accept switch tu, ied off at terminal operator RPVTRF
control panel

29 Reprogrammed heading patch request by enroute RPVA1-4

op---at -r

30 TRF table transformation coefficients IPVGCOA

31 Target id( ntification numbers [ PVGEOA

TABLE 3. OTUTI-t"-' iECORD TYPES (Concluded)
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Console C
Code Mesag or Meanin Correction Procedure(s)

UP9.9 GDOA limits exceeded. Reduce aymount of input
Too much input data for data. Check limits of
display. each type permitted in

Figures 5, 6. and 7.

U4095 I/O error on 1827 DCU. Check 1827 patch board;
rerun the job. If error
persists, contact

systems personnel.

"Asynchronous error on If this appears frequently
scope 2E0, 3, 2, or 3". contact system personnel;

otherwise, ignore.

TABLE 4. ERROR CODES
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G rou p Point

N:)mber Number T__- Table Interface

0 00 Pitch

01 li oll

02 Yaw

03 Padius

Altitud?

--- 05 Table Position

TABIE 5. ANALOG INPUT AJ)DORSSING

SNu erb' A dd es'ss T1 JI!F 'dic~bl li)-tface

00 Pitchl

01 ~Roll____-

202 IYaw_____

03 R a di-Us

3 04 Altitude

05 Table P~osition

TABLEA 6, ANALOG OUTP'UT ADDR)IESSING

57



Decimal. Point Terminal. Control
Address Number(s) Panel No. Use or Meanjn

66 0 0 Accept Switch
01 = yes, 0 =_ no)

1 0 Control Mode Switch
(1 = CC, 0 = FPF)

2 0 TV Mode Switch
(1 = oi, 0 = off)

3 1 Accept Switch (see above)

4 1 Control Mode Switch

5 1 TV Mode Switch

6 2 Accept Switch

7 2 Control Mode Switch
I - - *-

8 2 TV Mode Switch

9 3 Accept Switch

10 3 Control Mode Switch

11 3 TV Mode Switch

12 4 Accept Swi.ch

13 4 Control Mode Switch

14 4 TV Mode Switch

15 - Trigger Switch
(I = data in hold circuit)

TABLE 7. DIGITAL INPUT ADI)PESSING
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I i

Decimal Point Terminal Control "

Address Number(s) Panel No. or.Meanin

119 0 0 "RPV ASSIGNED" lamp

119 1 0 "IN TARGETAREA" lamp

119 2 0 "COMMAND LINK UP" lamp

119 3 0 "'FPF MODE'' lamp

119 4 0 "CC MODE" lamp

119 5 0 "TV ON" lamp

119 6 0 . TV OFF" lamp

119 7-13 1 Hepeat above lamp assign-
_nents

123 0-6 I '2 I jcpca ,v, lamp assign-

123 7-13 3 Repeat above lamp assign-
menrts

124 0-6 4 Repeat above lanrn assign-
1-nents

124 10 Iiele"-e sample & hjld
circuit (release ý 1)

120 0 Table control mode
0(1 :: FIF, 0 = CC)

120 1 Reset table po.,,ition
_____ ___________ (always 1)

120 2 - I V receiver switch
-(I - off, 0 = on)

120 3- ('sct trig, 'r switch
12(4lOecet = 1) "wtc

- Meter control switch

TABLE 8. DIGITAL OUTPUT AI)DlIISýUNG
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SECTION VI

PROGRAM CARD DECKS

Source program card decks and program object
decks for the JAPV -AUTO Simulation Program are avail-
able at the Systerns Research Branch, Human Engineering

Division of AMRL. A set of printed listings of the source
code is also available, both in card image format and in
assembled format. This data is stored on magnetic tape,
AMRL serial number, 000409. File 5 contains 0ie pro-
gram object decks, with JCL for link-editing the RPV
subroutines. File 6 contains the source code, with JCL,
for assembling the entire set of RPV subroutines. Both
files are in card image format, fixed length 80-byte re-
cords, 3200 bytes per block.

Figure 9 lists the control cards for link-editing
the RPV-AUTO Simulation Program onto disk and Figure
10 lists the program execution deck. The data set name
on thte "FT00jU01" and '"OUT" DD cards must be properly
specified for each run.
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SECTION VII

PROGRAM FLOWCHARTS

The program flowcharts are presented in Figure
11. These machine-produced flowcharts were generated
by AUTODOC-V, a S/360 program. The conventions Used
on these flowcharts are described in "AUTODOC-V an
Automatic Documentation and Symbolic Flow Charting
Program", 360D-001. 1.014, available at the Systems
Research Branch, Human Engineering D)ivision of AMRL.

The user should note that subroutine call blocks
which contain no page reference information repi-esents
GPS subroutines that are riot flowchart( I in this docu-
ment.

RI

!6



5.7,5* * L. cso

............. ....
S. ...... ! ~.. .............. . .• .

S........... ... = • :.... ..

*ll P~in Ali:,

I ~ ~~~~....... i :.......: i= ":..

I /•ffl~~~~~...... 141 .... "''°'r•t

SL P I NII
. -.

............ .

*=*........•....

........... .. .

... ' ...... :..............:

I • I I~
LAY S-F •l * * s5:pp

uIO'll. &Aou, * S?2A.5

T....;....:. ...... bug, ...

I '
. . . ... . .r . .P

........... rGR I

t•Oi• XD On, i ~.............* t~t~nit

S I

-.......... . I .rT js

* C',H rtjp *~?U 
• .N

........... ,

.AS . :- --...........



Isj o f 32

*~~ ~ ..f...........n
o 

.......... ... .. ...

*us ICLET r oe

*° Ceefl eeOL * 
e* l • OAS 9 qeee

wT O .A* A C .&

goSOOT"

.......... I

... • . . ..... ... *

*20- TCL; * CO

* ae* e~

• c• •• p os oouvee

.............. . .......

IU I

-.............. 
. ....... y..

I'Pll? 11

a*Ijv &,It, upv v

Pt- I Sty or

Kotl"V 11 V VA•, ,4. * It IU.,14 ,

f".. .. ,



LIT es 

...........

383 IP 

&PYAlEt'35 7
'* * f*

"" .. . ... . I r

a 

.:

L' ° .- . ..............

... . ......... 
** 

* 

OA

.. . . . .....-.. 
...

4 " 
7

,II, 

. T,11.

. ,3:.....•...... 

....

JAM' & 

. ....

0 .
-I1I?'T • 

* no.;i 0t n e

.......... 

.
..-

. D .......

Ht I r D?

II"01t+ tO'l g .t..............

S.... . {•l+ +•O ,tl+... 
........... "". +

lipiP 

'7,. F

S-C 
dlfI; :4: S II

m 

"A 
I.

......... 

.

*'
6

*' .•9m 

'G~ 

Y b. '

'..... .

t I 
, Y 

e e te*

SJ LP•ICT 
* 0130 '

" .7..ll I I 

. . . • . . . . .
...... ... :7

I '. 704 (



"real 4 If 33

Beres ....T I-.I *334

........ 1:1:41..n 8, ii. . . .i... . . .......: F.,

... . ... . . .. :....

I ? p i "c r I

"HI j 
I.•S, r

I l l I 1 4..i i ii t 11 1

*DP 8 IE

......... .. ... . . . ..

•3•M 3 .la03

11 lol" ?i II :

..t i.. . . . .. .. .......

3. 
19 39

30 -U . orI; I

len ee*5L7oi~

°. .. .. . r+ • " . -...... '... . . . ... . ... ..

S... .............

SI CI I I

IT E

...... " :.. . .. ...... .- •... .. ... ..

"Stat" mi :• 9: 0.............. Ii
" . .... :r .... I.

* .1.

..... . .. s z : , li * aI

I.... . .n ........... 811

It I rlIZ ~

itub . 08 ap+k~l1
41' •P8(080•- tot.t5C ivto...Ino , .Z

oe~ollelee • *• *co

IIIII I I~(,:Jl5M I~,ee • Itu.s n'*I



3 A.'!5 Y 32

.•,, ...........

. ... . .t~

-9. ..... .... .............. I. ..
L f I*0**a*eA

.. l.. 4. ... . ...

... . . ....... .

1 ..• .. 1 S,,'

*• . I

ItemsJ "t

*P L

.... ....... .. go0 A. .dO

.. e PT• "T

.......... * .. .. . ..

SnI • .;4 4 l4 4 •I*t.,.@VS.• ... IO &•.I ".:: ..ls

I1O-T:~ ------ --

115; . .. .... I.

* 3 ,1 3 too.

................ 0

• 2P011? l + i

. . . . . . . . . . . . i
'2o1•2

4
T.P-op SITo• OP

S...*iee * * * (l+ rt L.- £io

ThIC p' I

*ee 135 '* t••IP I -

* e 
:te•Lasmn¢•:?

115lT[* I 58

*

613



A f 32

flull all 2

......... 
IA. IA

X::~t ~.." ....... ):AT!W ....:* ts
* 

*•* *

. ........... . . ..

991,

P~t QSSIAPATCH

P I~P 
.r II-si

e -- -- • ..... • • (CI.............~i

• (•ll(€ € • • o w-

... :...f.il . .. Aic as$5 u•*t~b *~e • * 0*JGIDA&

............ ........0 .

• ..,.....I . ... . .

t * I *?Y

* 'MAP - .I.,:, ........... .

* I ELIB~~a PT Par,

* A• a - I " " 0I

* " • . . "" , 1": ... . . . . .. ..85:o" • lQ1,,|t .A. - : .... r
Iee" , 0 e ,* o e * .* P0417w

g3• arLN :• c S . . . . . . :. . . . . .

. . . . .. . . . ." : °I" 7 .. !°C.. fil IIe • * ~ Sl • e

apron. Q Pt. i.-A
•i00| 1• 

...."", a . . . . . .

"I 3 * S.. . ..b 
* e,,0 e

i " ° * " " 'i" -, -, . , , . " . 1.. . .

nIIII .liK II I A IA I I'4 c In I I I I I Id A



* U.S. 7 c r 3

-vi

I ~ WIN . .. .....,•,+..........
A0 

Is !

I0 & II * •:~
I, . , I

iU+ ' 11 O*o:..... ... *.. * OI . -• - -
* 

..

ON A

.,t.+:,+!... --, 900066.. ......

talus * 000.... 12 flux .. a D.......... + il# .+
Z Clcuo

"I-* 1 O. . . . . . . . . . .

*.~ I

,o LIP of routf

..... ,...... -

g 0

,;e. .....

o~e • ~ eCo.

a5 # a at__,........ .s. ..

*01'

J ........... "' " +! •

. . . .. ....

J. ILL

c CAMs so Lan..****al

155' * .---- - - -s'

,,,++,,, • ;," -

co: ... 9.AIN

...... ....... I .... . . "

•Pff yXAM F).OW(OART'

68



60 .......

a ......... . .

.540i Itr I
Do Asn. I

-to ...............

na co l, naO 
t .j

.IRS

..... .. .. ........

....... .. . 31 .. .

L . Up?

*t DOTS I T

no. ..........

A.AC

NR B. I 0 0 0CO: ~~..............

I~~~~~* UAN. ) V ,w (A'



r- 
...... ....

:' ...............

..***•ue*qeou~fl.

L~~cm: Los0 -P

... . " .......... :
cCs 

.. 
.

.. ..SIJ

. ........ . ..

.groar! up 0

* a ••

S" 
i:t...... ...... .

t.1ISF? 1 1<. .

gsi

1 .,elA f! -ACHAOTI

t 

Pl *C@
J -. l ',• : • .uua. .• 

:... ... . ..

.. P ..
uii* 

* • •e4e*. ..l. 4-m • :+ :k. .

.
I--. ..* . ... II' l f lA .........A....



I "
i wattlt• •l-N:, 10 •f 3 1

S,," .,.l.,li '• :............ :: Il ...
'I 1 . ... .. . .•. •'•-, .~~~.... ......... ........

s 
I ..........

' .l 
, £ 0 .... ... ...

1 0.S II0 .............

. " -... ... :

,"~~~~~~ ...........................

to LINK uk,-41. 4 1 u

*l. n 4 ~ !•a•**,e '

i1•**e ~ FosJll

Th. ...... .. 1£Urhc

*Icn I .L. c ra

............. 
iit on EE

.......ofe. A To* ' PIe C, Acma .. ouipos T

-OPPOSEjou

:, -,: * n...-

*. . .... . :: ' g...

U-ns ILl• 8 e m * C ipJ~~

•~~A [POO SOo

I IOPDIIII

.:: U ........ .

n.s

I• s .I : .. ' . . . . . . ..I:I Io i '0: 1

.i oe............... & or
'*' " " !i ""...............

01 .• •....... ......... •t- vi .

")"W



II I III 0

....... ...

""... ......... .
" .. .........

,,11 
98,026° 

•!I

fl~L a

ITI I

*Id n. 
fllll~. 

6021

.. .....•l " • ... ,0. ::• -

[. R11 3 ....

...... ... 3 fatt

...... POP ...

sx1a aI

........... ...................

PO* .. ....

• 
........

""ihoi I1• ,2

REVVIS

.II~. 
.... .. .......

............. .

,t• .t t';r .

rs 0 1

PAR.. ,TC F .

. . .. . . .. ..... ....

"'A 
(C.--

I iIilali A p~q I I Ii flI! I G C oi7 :L

.e7e.



apu PONlI o 3

IISft
• **oeso~no . ItZ000

>:*.*.. :..**..........
*.". **0.. *0**........

. .. " CS" ,.-

. .......... be,

v .... 3i: " .

. . .~ . I..........

1500

ojt . ..i.i .
**0-031 011fif ......... .....

5z ...

.. . .. .
* ** 0* 0 e

:i.. •~. ;.::L : . +l ...o.1000.. S: . . .*(l

sons
21UR Iv +

* 0

50 0

i•; ~~~oi .... ... .. , ............ .

... ..... P. LA to...

. .... 1 .. ......

stlist

* *,,+0 0eom . lillili

063 0. 5*L41? SClll4 0SS

......... ..

71



I V ? r. p 
1 - P I' - I 1 f 3 2

. . . . . . . . . ........... ""ry Pr" 
•s ru• 

+
r-*OlQ I| Clu 

19 taltu S lair*

so Co 
. .. i

... ............... .. .. *1 .".,......L. 
.... ............... 

...

It.

! 0 
....... .....

........... .... .0 
L...

• 
!* , 

l • 
- .

- 1* 
0r!

el, 
...............

. . . .. :.. ........

I • . • 1 9 .• U P ?

'; " "" •'+ '".....""........"-

..... .u......
l i j ,op . ......_ . ......

.. . . . . . . . . .. . . . . . . ..............

... ... .. .

-.

kq,,

*pueii•.• 
S~ e *', £3.•• 

JJS *.

I.............................

"... . .. .. . .. .................. :........saL 
* to,,. L1w, . -

.....................

: ............ :,,.a oIt ia--T -a-



S........... .
.. ..... 

,m--
CC 

............-

;-k do2A .-_r -C 524A,,¶*

r0 IYP

o . cc-,

* Ia 4 , ,* V

.......-.. .. . .. 

..
40*4 OS I I•U g •/ P '' *I "M 'JS W FtV r

I. * jo*. * 1 OI 
4]I? .iJlDr• 

u *.

4. .. . .*. * 4 4
• I .. I 1 : [ll.: . . ,'.•.i;-

•~ ° . ,1" i: . • :

Si i . . ...

-- T

4 ..

... ......

•4•I 
4 * 1

T V LI K f . .. . . .. 7 - 1 ~
tn io *tl 1LII

•;T ~~~~~~.. 
......... .

*t[•mt .•:_
0 0 

I, :000
4 

.-. 1o
... •......".h +,+P . .. ....1.. I4 0 I '100

1495 as so * I 
** .

4 
4 4 . ..4 4 + + o * ., . J + . ,4 * .4 

' 4fl 

q r , • j

rut. 0 4

Cc .... ......

... 4. ................ gI- iiI 
S" 'I I .. . I

•..... .......

4(lDP+,,rf•. *50
+, .4 .4 ,t

.................... ............
. . . . . . . . .. 4:.;• lDO .....-......-- - -...L40A bO * ' 

at : .++

Ii i¢+ I :<jl.II+M+ ,e~ ,A)/ *894 |,,~d.

4 -.



. . .

.

.1Of: • i, - ao * 4

.... "..I.. . . .
.I.**~~~~~ 

L" ?MIS • 5?i: €

"°°., 
"' 

I.I 

F
its- 

*N. ,

........... h ,. o : .. . .

- S?.........!

S,. 

.... l.. l..

........ * . -':. ?O

*..* 
.... .........

le * 
* I' Clad * Sl,

.............

......... 

G T. c,.
.

.. .......

a.I....

...:............ 
.......... ...°* 

*''** 
**• 

PP .
Tll* *%

........... , " ' u s 'P 
T..'I C &

493

" aa.:ua. 
: 

......""g : .......
is

Sr 

s p .

I

.. . . . . . . . . . . . ..............:: 
• :... 

..... iI .. .... :C3> 

tt,

........ •............... ii

Prig)

I Il. : i
t.I

.. .. .. .. .. .. .. ............. " ."... '."..-.. "las . ......... .

". . . . . . . . . . . . . . . . . . . . .
. . ... .. .... 

*I . .

lio.

| ... . . . . . . . . . . .!..M•..'• ~. .... h



i * mss I 
C4" 7 CS, .

,Co

-.: co *

C l i o

T • . 0h: Om, .

. ... ". . ..

'"" T1 "I -i ts:•
• • I 

* ISDO~l Oii

CIAO Lt*. 
* A

a* - IRS " ;. :: . ..

A~~y :28e oll aPtU:i;.

as tip? F

I .'. ... .. .". .

*CIA

2 . *m ............

"cJa S L.

'2SI CIIk'l

AtlIoN I
...mm~....m.m.

CIE I

cS.0

Its- c .......

....... 
..... ,.

I....... ............
PH 4mA P.14, -• A • co

171

•m*~ p 51: A ""

...l . ..Z " " D l -
I. A h~l I.A~i~IAA-z, 'o~g,.,0,



.......... ..

..li? C6 PAS cTA

00' aw'l :10
...... . " do
*SO *l p 0 * :'

s, .... Pe ... .

. ...... *. . I: ............. ...........
* .Yt*

: ... ... :• 
. ....... 0

s9peo: 
.............

...........
,. :..2: .... .

INRI ....

9lll 
*! 

I2050

... ........ , : ..
. . . ......... 

. . . 0

S. . . ..OL.L,.• ... ... .. .

... :.: I .

(UH?CT ct -
N $?/[clP i-.+)

• •.......... lo W s i

* "., :

.. ,I..•-

:awr

C !II' t . II 
0

.. .. . An f.O , ,o,

cor ,c" He . . t s,, ... .......... .....

• ° ..... ........... " .., .

'I -3 
as

.... . W S••

• e]• 
N+5+•F•• 

_ • 8rl ] I•ott+l

1 m~ 1 e

.•*.m ....
e• * to?*4.

1 ,: ': : : ,: : - " . . . .
• a . ,i ,. -...-- :.

* .•. . "OIL it &N:.':.i
* :I.v; 11.2,l I 1 I ' ' X l A ;+ ~ l ) ; .{ -• :) + l l



r,.'.; r •i **.*L-- II!
' I I• : .- Ii
c !.

o: •! .•,," . .. l .. ..

........ ... ...

", . .,i 
.. ... ..... ...

:~~s T.. .... ,.,o,

oCoeeett tipa. .

..... . ......... ...

...... .... •L~ ..

.3**, 4: 1 FIs?

W Is: IIl• 
•

Vc .

I. .F.S . . ....* ,.,., ..

*..... ... o

7 1 re

O* i, ago

. . 1 .• ... 4 ....

1.I PRIKi HAM F I27 CI.AflaOS



Pwj1 19 oF 52

. .........

.. .. .. . i n. . wilmo• + ell I 0rI**

- -
GI....... ... .

r JOSl I I~l¢• te. +1 Tti '~i *mID0

• *e......

* kIOS.. ..........

G~j~ t pp*,

1......... . . wall&

1 0
WRII

13. Out • ,

........... * ._... "'..j

IQ

..... L.....
elow

• " ' ".... "... ... ....

...... I. T.-f ..""...... .....

8 . . . .

.. .. .. .. .. I- .... .. . .. .

! • ••............. :6:
• 20.

IT -1. '-A I I ii . . . . . .,
gokt+l .



Amp I
. ....... mfuva , i

..... B atts

...... . ...

.... l...... f.. [. ....

*O00000l-INS. 
..............

*. . *4400. 1 21!

!i4 ....... . ..

:#&u taloos

so ..............

....... . .li

:SI Or ti 5 g. ... . ..... 5

I~~~ laNealso;
...... .. 14 1

o . ... ..

v p " I
. ..........o....

...........

0RXRK FT~f n* IIAUt. 1

Sa



* a,,..Pop. . a ifg-wi

...........

jat&
• • a c,

.........

0ool304

•tt; : ......... .."

* ofleap,•~ol

"°o:P•, iw: *",-,.4** "

014r JIAa$$

IC2

*l $ O a~le d'e•op

$ 00I$,$o$($o

S• . . * a..L

• +' :1' I "(IFO I,.' PIYIMIfVL"AP o~ ~
12OP eI l eID O I¢



1,it P-1 I*22 ý 32

-.............

... ......... •......

L.. ...... co P: s i. .s • .: .

-% p . ...........................: :• ", aa a'g' " • ".. ..
TAU leip:29

""'• I .............
oe eop* ****1I5

*. .IjOf "ill 8C I I *•:1!: *;l:• •r

IN -i s. . . . . . .

*.... •* * 0•• * e~ •D e* e

GOIO s u p r e v u e

o. ....... ......

"-J .. . .......................... 'T•.

it'l go.l16llllo 
~ i I0

SAI

*T

$ •• * .3...*l,:

;.... .........

... .... ... U&N tO
:StfUO1ýb mj* ..........

I.: .. : I *31. /...........

+: ......... " "" "............

P . .... . - : a ...... ~ ..
.....*...... ...

!45.5.3

." : • : -1 coo

(035 • i |mt tm,••ll4•lel l~ o

..............

* LI.Sf , .*o

• "'i •aP, ,H l .• : .............

FES.IF ...... 
.......... ..

• . I~llLl

.............. ... . . .CO..
1, 11A 1 1

+°0+l : ) +-:l,++~~I| +:.... ...



r'u•---''" " -.'l, . - ......

...... ....... LI

....... ..... .1

.... ......

I ho.

c .. A

* .

. "•..... . ..... ...
S.....

........ ............

t. , .;a.

.. . , IP... ....... t

..I? ....... . *.A,. I**

S........ ..... l ! ..

-t P•s tv, .•., : ... .. - . . . ........ ............. I :
............ ............."

"1" I 

j' 
"--;':"_f"° :-

It 

o

S0 i-:.jm,:;+
" . < , t , •"I ~ G A l a I K S I ~ 0 n . I

l rni .o i3



F

..... Phq CR .,
...... .' .•.0 ** aoo* o.

Ca:l

.... .....

... .. ... .. u 9| 9

a.............

cSoa CCOa .

....... .T ... a.

.. .. ... . ....... . ....

CM..... ...

*SR u 2° a ° *• j a

a.' •, .:Me.S• GOP i,
,, a.. 1,. ......

...............

.. . . . . . . . . . ............

M ap 
3

J .............. ........ .
Sal IO OR! ifR RPRRI.~~pa.

. .. ..

.... :......... . .

:: . S. 
.rT• 0 . . ° •

.... ~R W° 1AIt , ....- '



not TUCKI

Lit1 . .,, 
L1 ,

... ... 4110H9..f

I | •-I

..... ....... . • .

•.. . .

I• II
Ll t I
I-- . 5 

,
... . . . £ . .

Lit

s.. . ........ ..ALl 14,1 
:,Woo &top 

111 ! 61

............

L~set"............ a 'D.... ...

,No O...f.

:...



d

LIS

* *oSI•k m  : *-' 
*

l .'::" ...............I

....... .. . . .4. I o a-

I IL
"Jim'. ......

aa~a~a Say-'-- 
l,* ta,,

a . . . . . - & a.

""" . -* .n. ' ". n ' ' ; ..... 
,O ,. .-* 

* • a WA -

a, ~

... t .......

..............
• . '• ,......- -.. .h..

C a ....... ,., -

-: : • '• ° ' • l " ......". .. . .o..•..F.'-;. Rr I'1% "-----IA& i"v~ ""- " '"• "



LI n

A .......... A,

.~ ~~ . .........

42 4

emma"? ......I.........

*Jf 
..a.r

*~ ...............~

..m . ............. ..
IF )# so~*

A A*

: - ... .... m.. 1912

0 , aw a



p '- -•- r

:% •-.. • , .

.. .. ..-- •

S I

:,=..

ii

StS

* -- .mL,

I I.

".' I' 1 .,:w 4t •

It:



ti

. . .-- .. -

I o

SW., : • •

.. , ..

9 .... L....

:.4- I "- ...

"-, .- ,•.• •. ,- 3f' , .m .•..

'....STU,,P no, . -,,,..
I. ',•. " ," . - - " ,

9,- . _iL

9 , 9. .. ... 9.9--.." .

S.. . ., -.

* .. ,., .• , .,.. .. p. -



Amt.:_

f

~44 .
I °

5....-

tv-

* C . ,

•~

! .... *51
-- 5-. °* 

* 
- 

- n 5
J fl •e

-" 5

• t•, " dt
-- " ."55- •*5i

1 ""*

._.:

j - . 5 . - -

~"5L & :* ,~ 5W



S..,• .. -- o..l~,,

" "iL;.; ' .. ,

"4 S

* .4L ..... ,...--.

*i ---

win.m, . I.. ... -..

:...i•,= : :..~,a, ,t•:

S... ."-"- - S . -"• " l

s..Pg : - .. ..

p 1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . ...

S.... '~W S .



I

•_ .: • ....•'. . *.. - -

"*-- -' .. ..--... L ... -- - -

.4 . . . -"

"-7

S! .

- nS n-..... .. .

I i
I I

.. .1u. I.

!I I*., .- . . I,• •.

I St..

I __

a 4

; 4- , .. , • . ,, .3* '@ -



CV~PVTEIP OPERATOR INSTRICflt'S

operator v%4cuting thtr R -AVTC' Simulation Prngraim

I Via~. tP q RPM Vatch Board in the- 1827. O)CT

Ilav V, I- neI.

2. Laxk 14ur- All cquipment ir. t.4rvw~ or. at tir,
rornciii tsrrwtan t~bl.e site.

N. m. -' n all fltct-si rv - quipme n,- tfeIES,ý

tacilit'. imnluitng the Termit-A 'I ?rator
Control Pta~iuo.

L Ln.i ow'. -ýzecutI.)f kc si. ith' .-%rd rea-xcr and
re~i% it.

6&. Cops thte 11) numtw off the loot -,nwet anAl give. it
to the experimlenter

.. k.gooo: card 'kckii and printe--faistt%~ at the end
of Ott run.

94



EXPIAIMETFIKrST)( i TtI!

rtw fo~loftin~si 4eve -nay tw ueel &a A iguide fuj. lite
itape-mimentr iroflhicting h ',A t'Sm ainew.

1. Prew- e the Paite ut ion ra r 4k 1. ilust rated
in~ Fiuf 10, wriw % I. nerh t&t set r~smp% in
the FleOl 00O1 ant1 (H T IMr aT'tS muti~' t

rhangeti t,- tf- ;)tr~w 'Lian#-- an- tfe WA in the
maltuvwtiev'e anI calibratita.' -Sat, -.eis. represented
b% thic VTORIF0(i ann VTOSVOO D01 --a) .- ai

must be from 1te most vent a.wbateis

2. Th-- PA HM lield on tkw i-xv if %t a rIf -ontrinp
four char-arler- rv-prespnting ft" four 44:opg-&.

units 2LO, 2F). 2E2. 2L3 'especi-tvelv. If -11W

pciiaii-m. V !h# iwotm- in off or innperattye.
punch a rero.

3. [lace this deck in tht ird rea~i-r ant) press Mtarl.

4. Mount them sp, itie.: itsk wo'ue% as inds- ;(ted ni,
the console tvfrewritcr. 'iieo4 3 smt J mail he
handled bv a ci~mpuler operator, ,if &aiaiablic.

S. An epvirt~ment V'j numb- r saill it. prmnte'i on the
console~ t vpreilaer. Hecnrdj this mjnmb*r for
later use.

6. Plac 11 o-.erlay shiects oni 11-h kvyboards.

7. The sub)*-ctst should he st-aged ir' team p.tiationsa.
as desired.* and ineir nrnmes r" cordied a ith the
unit ak'reuuo of the scolm associated writh each
position. The ID) number and name of the input
data set ured sh-.uld be recordedt alone %ith this
mnformat ion.



Of th1t IkcopqV tO bg UW experinnt.

9.The progrumm*1 ioa~a~ t~e,.~t ~''
Il ItW I FNP'' hta erc h-e dd th i r reý4 q""er pot nt cRcrrsnve Vi cerd d-rck frvg, jht rvac~r $ad thr

Its"w frvom Obe prialet.
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